Full length double-stranded complementary DNAs (ds cDNAs) could be synthesized on mRNAs enriched in sequences coding for the synthesis of the variant specific antigens (VSAs) AnTat 1
INTRODUCTION
Antigenic variation allows african trypanosomes to evade the immune response of their host (see ref [1] [2] [3] [4] [5] for reviews of the subject). At least 40 different variable antigen types (VATs) have been characterized in the T_. brucei brucei clone which has been used throughout the present work (6) , and more than 100 have been found in a related species (7) . Each antigenic specificity is determined by the protein part of a coat glycoprotein, about 60,000 daltons in molecular weight, which covers the parasite completely (6, 7, 8, 9, 10, 11, 12) . That these variant-specific antigens (VSAs) are genetically determined and encoded by probably as many specific genes had been infered from the absence of amino acid sequence homology between VSAs isolated from distinct variant populations (13, 14) . From the homogeneity of such VSA preparations it had been deduced that, at any time, VSA of only one specificity is synthesized by individual trypanosomes.
In an attempt to get an insight into the molecular and genetical bases of antigenic variation in african trypanosomes, we first isolated, from clone populations of Trypanosoma brucei brucei, the mRNA's coding for the synthesis of two different VSAs (11) . The present work deals with the synthesis, cloning and characterization of the double stranded complementary DNAs (ds cDNAs) derived from these two specific mRNAs.
MATERIAL AND METHODS
Growth and harvesting of trypanosomes from clones of T_. brucei brucei, stock EATRO 1125, VATs AnTat 1.1 and AnTat 1.8, were conducted as described (11) . For convenience, the two VATs and their antigens will be further identified as A.I and A.8. The clone populations used for RNA isolation were at least 99.9% homogeneous, as judged from immunofluorescence tests on dried smears.
RNA isolation: For the isolation of RNA the glassware was sterilized at 150°C before use in order to inactivate residual RNAase; the tubes were generally silanized and treated with diethylpyrocarbonate (15) for the same purpose.
Total RNA was extracted by the method of Auffray and Rougeon (16) .
Briefly, the cell pellet was homogenized in about 10 volumes of 3 M LiCl, 6M urea, 200/ig/ml of heparin, 0.5% SDS and 10 mM Na acetate (pH 5) with the aid of a Potter homogenizer. The homogenate was kept in an ice bath overnight, then centrifuged 20 min at 13,000 rpm. The pellet was resuspended in 1/20 of the original volume of h M LiCl, 8 M urea at 4°C, centrifuged again, then dissolved in the same volume of cold bidistilled water. The solution was brought to 0.1% SDS, 0.1 M Na acetate (pH 5), and the RNA was phenol-extracted at room temperature. The aqueous and interphase were extracted with the same volume of phenol/chloroform (1/1), then with chloroform alone. Finally, the RNA was precipitated in two volumes of ethanol at -20°C.
Poly(A) sequences were isolated from total RNA by oligo(dT)-cellulose chromatography, as described (11) .
The isolation of mRNA enriched in VSA coding sequences was performed as described (11) .
In vitro translation of mRNA was done in rabbit reticulocyte lysate in the presence of ( S) methionine, using the New England Nuclear translation kit under the manufacturer's recommandations. Electrophoresis of the translation products in polyacrylamide slab gels, sometimes after immunoprecipitation, the impregnation of the gels with PPO in DMSO and their autoradiography were performed as described (11) . Double-stranded cDNA synthesis. In previous experiments with thyroglo-bulin mRNA (17), we found that full length copies of this long (8500 bases) mRNA can be achieved using the avian myeloblastosis virus reverse transcriptase, provided that a suitable RNAase inhibitor is added to the system. The inhibitor was isolated from human placenta essentially following the method of Gribnau et al (18, 17) . The reverse transcriptase was a generous gift of Dr. J. Beard (St Petersbourg, Florida). For the G1378 batch of enzyme we observed a maximum yield of cDNA using a ratio of one inhibitor unit for 114 transcriptase units (inhibitor units are defined in ref 18 ; the reverse transcriptase unit of activity is expressed as the incorporation of one manomole of dTMP into an acid-insoluble product in 10 min at 37°C). We showed that the size of the cDNA is progressively larger, up to the full length size, with increasing amounts of inhibitor (17) .
The first strand of cDNA was made in 100 jal of 50 mM Tris-HCl (pH 8.3), 0.1 M KC1, 8 mM MgCl 2 , 4 mM dithiothreitol, 0.5 mM of dATP, dGTP and dTTP, 0.5 mM of ( H) dCTP (1 Ci/mmole), 25 ,ug/ml of actinomycin D, 10jug/ml of oligo(dT) , 3_pg of enriched mRNA, 30 units of reverse transcriptase and 1.3 units of RNAase inhibitor. After a 45 min incubation at 44°C, the reaction was stopped by the addition of 100^1 of a SO^g/ml solution of yeast tRNA, 25 mM EDTA, 1% SDS and 10 mM Tris-HCl (pH 8). After extraction with an equal volume of phenol/chloroform (1/1), the aqueous phase was incubated overnight in 0.3 N NaOH at room temperature. The solution was neutralized with 0.1 M Hepes (pH 7.4) and 0.3 N KC1, then passed through a Sephadex G50 column on a cushion of Chelex 100, in 0.05% SDS, 1 mM EDTA and 50 mM Hepes (pH 7.4). The excluded peak was precipitated in two volumes of ethanol at -20°C after addition of NaCl to 0.3 M, then centrifuged at 10000 rpm for 1 h and resuspended in bidistilled water. Typical yield was about 15%.
The second cDNA strand was synthesized during 1 h at 44°C in 100 ,ul containing 50 mM KC1, 8 mM MgCl., 4 mM dithiothreitol, 0.5 mM each of dATP, dGTP, dTTP and ( 32 P)dCTP (1 Ci/mmole), 50 mM Tris-HCl (pH 8.3), about 1.5 pg of the first strand cDNA and 60 units of reverse transcriptase. The RNAase inhibitor was added as a protein carrier at a concentration of 5 ^ig/ml. The reaction was stopped as above; after Sephadex G50 chromatography and precipitation in ethanol in the presence of 5 ,ug of yeast tRNA, the double-stranded cDNA was pelleted then digested by 25 units of nuclease SI (Sigma) during 1 h at 37°C in 200 /il of 70 mM Na acetate (pH 4.5), 0.14 M NaCl and 5 mM ZnSO,. One unit of nuclease SI activity is the amount causing 1pg of singlestranded DNA to become acid-soluble per min under these conditions. The double-stranded cDNA was extracted with 1 volume of phenol/chloroform (1/1), after addition of Tris-HCl to 0.1 M (pH 8), EDTA to 5 iM and SDS to 1%. The aqueous phase was chromatographed on Sephadex G50/Chelex 100 as above, then precipitated in ethanol in the presence of 5 jag of yeast tRNA. About 75% of the first strand were copied into ds cDNA, as judged by SI nuclease digestion.
Cloning of the ds cDNA sequences • The ds cDNA was centrifuged on a 5-20% sucrose gradient in 0.8 M NaCl, 5 mM EDTA and 10 mM Tris-HCl (pH 8) at 20°C for 13 h at 29000 rpm in a SW56 rotor (Beckman). Molecules of size greater than 1 kb were selected and cloned in the pBR322-E.coli C600 system (19) . These experiments were conducted in a P3 containment (Laboratoire de Genetique des Eucaryotes, Strasbourg). The bacterial clones were stored at -20°C in glycerol.
Isolation of plasmid DNA. The bacteria were grown in L-broth medium supplemented with 70jug/ml ampicillin or 20/jg/ml tetracycline, for the recombinants in the pBR322 Sail site or PstI site, respectively. After amplification in the presence of 200;ug/ml chloramphenicol, the bacteria are pelleted and resuspended at 0°C in 20% sucrose in 50 mM Tris-HCl (pH 8). They are then lyzed by successive additions of lysozyme (to 1.7 mg/ml), EDTA (pH 8) (to 80 mM) and Triton X100 (to 0.7%) in 40 mM Tris-HCl (pH 8), 60 mM EDTA, always on ice; between each addition the cells are kept for 10 min on ice. After centrifugation at 70,000g for 45 min at 20°C, the supernatant is centrifuged in a CsCl gradient in the presence of 1 mg/ml ethidium bromide The form I plasmid DNA is collected by syringe, ethidium bromide is removed by 4 successive extractions with isopropanol, and the DNA is then dialyzed against 1 mM EDTA, 50 mM Tris-HCl (pH 8). After RNAase A (10;ug/ml) and proteinase K (50/ig/ml) digestions at 37°C, the DNA was phenol and chloroform-extracted, then precipitated in ethanol at -20°C. Sometimes we used polyethylene glycol 6000 to reduce the volume of cleared lysates before CsCl centrifugation (20) .
DNA digestion by restriction endonucleases was performed under the manufacturer' s instructions, with enzymes purchased from Boehringer Mannheim (EcoRI, Bgll, PstI, BamHI, Sail, Hindu, Hindlll), Bethesda Research Laboratories (Xorll, Haell, Haelll, Hinfl) or New England Biolabs (PvuII, TaqI). The reaction was stopped by addition of 0.2 volume of 4 M urea, 50% sucrose and 50 mM EDTA (pH 7) .
Electrophoresis of the DNA digestion products was performed at 4°C in 2 mM EDTA, 20 mM Na acetate and 40 mM Tris (pH 8) on agarose slab gels, in a horizontal apparatus at 1.6 V/cm overnight. The size markers were usually Hybrid-arrested translation of mRNA was done as described by Paterson et al (22) . In vitro translation was performed after hybridization of selected fragments of the cloned trypanosome DNA with the enriched mRNA, as specified in the figure legends. Except when mentioned, we added 400/jg/ml of yeast tRNA as carrier in the hybridization and translation mixtures.
Nick-translation of DNA was performed as described by Rigby et al (23) .
For small DNA fragments DNAase was omitted from the reaction mixture. We routinely obtained a specific radioactivity around 2.10 dpm/^ug of DNA.
Covalent binding of DNA to diazotized paper. DBM paper was prepared as described by Alwine et al (24) . Alternatively the following procedure was used: 20 g of filter paper (Whatman, type 50), cut to the desired size, was incubated with agitation for 15 h at room temperature in a sealed plastic bag containing 70 ml of 0.5 N NaOH with 2 mg/ml NaBH^ and 30 ml of 1,4-butanedioldiglycidylether. This solution was replaced with 10 ml 2-aminothiophenol in 40 ml acetone, and incubation continued for 10 h. After two washes in acetone and two washes in 0.1 N HC1, the filters were thoroughly washed in bidistilled water. They were airdried and stored at -20°C in dry sealed plastic bag. Activation was done just before use by incubation at 4°C for 30 min in 100 ml of 1.2 N HC1, after addition of 2.7 ml of 1% NaN0 2 . The papers are washed with 1.2 N HC1, water, ethanol and ether, then prepared for nucleic acid binding by washing in 1 M Na acetate (pH 4). DNA was bound 2 to the paper by overnight incubation (5 /ig/cm ) at 0°C in 1 M Na acetate (pH 4). The filters were then washed successively as follows : 3 x 5 min at room temperature in 0.5 ml of 1% glycine (w/v) in 1 M Na acetate (pH 4), 3x5 min at room temperature in 0.5 ml formamide, 2 min at 68°C in fonnamide and 3x5 min at room temperature in 0.5 ml 1 M Na acetate (pH 4).
Transfer of RNA from agarose gels to diazotized paper was done as described by Alwine et al (24) , except that 1 M Na acetate (pH 4) was used instead of Na borate (pH 8). The methylmercuric hydroxide was removed from the gel by washings with 2-mercaptoethanol; the mercaptoethanol was then removed with excess iodoacetamide.
Transfer of DNA from agarose gels to cellulose nitrate filters was done by blotting as described by Southern (25) .
Hybridization of RNA with DNA bound to paper was performed after a 3 hpreincubation of the activated paper at 38°C in 50% formamide, 5 x SSC, 0.1% SDS, 50^ig/ml of yeast tRNA, 0.04% polyvinylpyrrolidone, 0.04% Ficoll and 1% glycine, followed by several washes at 38°C in the same medium without glycine (medium A). Hybridization was in the minimal volume of medium A at 38°C for 4 h. Following two washes of 5 min at 38°C in medium A, the filters were incubated for 3 x 10 min at room temperature in 1 x SSC, 1 mM EDTA (pH 8) and 0.2% SDS, then again in medium A for 2 h at 38°C and finally for 3 x 10 min at room temperature in 50% formamide, 5 x SSC and 0.1% SDS.
RNA was eluted by two washes of 1 min at 100°C with a minimal volume of 1 mM EDTA, 0.1%SDS and 10 mM Tris-HCl (pH 8), and precipitated in two volumes of ethanol at -20°C overnight after addition of NaCl to 0.3 M and 5 yig of tRNA.
Hybridization of DNA with RNA bound to paper was performed as described by Alwine et al (24) .
Hybridization of DNA with RNA bound to cellulose nitrate was performed in sealed plastic bags for 36-48 h at 65°C in the minimal volume of 6 x SSC, 1 x Denhardt's medium (26) containing 100yUg/ml of sonicated, denatured calf thymus or Micrococcus luteus DNA, after prehybridization of the filters overnight in this medium without DNA, and after denaturation of the DNA for 10 min at 100°C in 0.1 mM EDTA, 10 mM Tris-HCl (pH 8). The filters were then thoroughly washed under stringent conditions (0.1 x SSC, 65°C), as described by Jeffreys and Flavell (27) .
Autoradiography of cellulose nitrate or diazotized paper filters, as well as dried agarose or polyacrylamide gels, was for 1-15 days at -70°C with Kodak X-ray films (XR1), usually with one intensifying screen (Siemens).
RESULTS
Synthesis of complementary DNA. Polyribosomal mRNAs from two T_. brucei variant populations have been recently enriched in sequences coding for the synthesis of the VSAs A.I and A.8 respectively (11). In vitro translation of these two mRNA preparations gave rise to the synthesis of a variety of polypeptides, amongst which the specific antigen represented the major difference ( fig. 1) . The size of these antigens was estimated to be approximately 60,000 daltons, A.8 being slightly larger than A.I.
We used these mRNA sequences as template for the in vitro synthesis of ds cDNA by the avian myeloblastosis virus reverse transcriptase. In the presence of a RNAase inhibitor isolated from human placenta, full-size copies of large mRNA can be obtained (17) . Under these conditions, ds cDNA sequen- ces ranging from about 0.5 up to about 1.8 kb were synthesized on both mRNA 32 templates, as revealed by autoradiography of ( P)-labelled ds cDNA subjected to electrophoresis on agarose slab gels ( fig. 2 ).
Amongst these sequences a discrete major component was clearly visible.
The size of this component was estimated to be around 1.7 kb for A.I and 1.85 kb for A.8. This size range is compatible with the estimated size of the two antigens and probably reflects the full size RNA message, since no discrete component of higher molecular weight can be found on the gel. Digestion of these cDNAs by various restriction endonucleases revealed that the major component is different in the two preparations ( fig. 3 ). Such a difference in size and sequence was expected for the VSA message, and we thus supposed that the major cDNA component was in each case the full size copy of the VSA mRNA.
Cloning the cDNA. The two cDNA preparations were cloned in the plasmid pBR322 following the strategy outlined in the method section. The screening kb Figure 2 . Electrophoretic patterns of the ds cDNA sequences synthesized on RNAs enriched in A.I (lanes 1 and_2) and A.8 (lanes 3 and A) mRNAs. The ( P)-labelled ds cDNAs were subjected to electrophoresis in a 1.7% neutral agarose slab gel, after treatment with SI nuclease (lanes 2 and 4) or without SI nuclease digestion (lanes 1 and 3) , then autoradiographed. The markers are digestion products of phage lambda and SV40 DNAs by Hindlll. procedure for specific clones was designed on the assumption that the presence of a specific VSA-coding sequence is the major difference between the two variant derived cDNA populations. Hybridization of the recombinant DNA clones is thus expected to be variant specific only if they contain the VSA DNA.
In this case a clone would only hybridize with its homologous probe (single-32 stranded ( P) cDNA). On the contrary, the clones containing recombinant DNA hybridizing non-specifically with both heterologous and homologous probes are supposed to have inserted non-VSA-specific DNA. Starting from about 10 ng of A.I ds cDNA, the cloning procedure gave 33 positive colonies from a total of 110. A second screening using the non homologous probe suggested that amongst these positive colonies 18 might contain the VSA A.I specific ds cDNA.
The corresponding figures for A.8 were 18 out of 75, and 8 VSA-specific clones.
The size of the recombinant plasmid DNA of each of these specific clones was analyzed by electrophoresis on agarose slab gels. It was found that only two clones (one for each variant) carried a cDNA insert of about the same size as the major cDNA component (1.7 kb for A.I, and 1.77 kb for A.8).
Characterization of the cloned sequences. This assumption can be validated by initiating the reverse transcription with a pulse of ( P) dTTP of a very high specific radioactivity, followed by a "chase" by cold dTTP for the synthesis of complete ds cDNA : the relative predominance of some labelled bands is to be related to the polarity of the reverse transcription, starting from the 3' poly(A) tail of the mRNA.
We synthesized either short ( P)-labelled ds cDNA sequences, or ds 32 cDNAs labelled only in 3' by a 5 min pulse with traces of ( P) dTTP at 2-3 kCi/mmole in the presence of 0.5 mM unlabelled dATP, dGTP and dCTP, followed by a 45 min incubation with 0.5 mM unlabelled dTTP. In both cases we These probes were hybridized with "Southern" blots of clone A.8a digests, subjected to electrophoresis in 2% agarose gels. The probes were 3' for lanes 1 and 2, and 5' for lanes 3 and 4. The digestions were by Hindu in lanes 1 and 3, by PstI in lanes 2 and 4. As expected, the 3' probe hybridizes with the 1.61 kb Hindll and with the 1.7 kb PstI fragments, whereas the 5' probe hybridizes with the 3.78 kb Hindll and the 3.26 kb PstI fragments.
Cross-hybridization between the 3' and 5 1 fragments is however clearly shown by the second band in each lane; their lower level of labelling is due to the fact that the cross-hybridization is restricted to the inserted DNA. Part B. ( P)-labelled probes were prepared from the 510 bp Pstl-Sall and from the 660 bp Sall-PstI fragments (see fig. 6 ). These probes were hybridized to "Southern" blots of clone A.8a digested by Pstl+Sall (lanes 1 and 3) or by Sail alone (lanes 2 and 4) . The probes were Pstl-Sall for 1 and 2 and Sall-PstI for 3 and 4. The same bands are revealed by both probes.
analyzed the electrophoretic pattern of their digestion products by several restriction endonucleases. Both methods gave similar results. Fig. 8   (lanes 1 to 3) illustrates the data obtained with short ds cDNAs copied on A.I mRNA : the predominant bands can be assigned to restriction fragments of the insert which belong to its 5' half, as defined by the plasmid DNA orientation. This indicates that the trypanosome DNA is inserted in an inverted 
